EOCgHZJT H2SUH2 

« 

25* 125 002 ' CS 501 370 

AOISC^ Crdig/ Boterx T. 

^ * Za^s^xifientai Investigation of ^ Spacial a^^el of 

Inf crxaticn. 
?DB DA^Z 76 - 

Paper pres£Zire3/ at the inaaal iSeeting of the 
International Co^Exinicaticn Associaticn* (Foztlaj^d/ 
- qregcn^ April 14-17^ 1976} 

23BS ?5:IC2 >i?-S0,33 Plus Postage. 

DrSCeiPTOHS ' ^Cognitiye Processes; ^-Co sarnie ation (Tboaght 

. Transfer) ; Edacational Hesea:?^::^ *'lcf criaticn Zbeory; 
^Sc-dels; SeEantics 

AESIrACI 

This experiaent tested the hjpcthesis that ccgniti?e 
charge result is^^^rc* infcrEatipn inputs can r>e represented as linear 
loticn of concepts in raltici»ensional space. The theoretical 
tacigroanc is reviewed and the Batheaaticai derivation of the 
hypothesis is given. A set of fifteen nations vas scaled by 6^ 
Tande^gradaate and graduate students in coasunication classed at a 
large anivezrsity nsing ioelfel's Gaiile^o system of naltidicensionalr.A 
sc;aling. Zzperiirental sessages were introdticed and the posttest 
interconc'ept distances ccxpared with those predicted bj theory, fhe . 
crucial partial correlations were low and did net confirE the 
hypothesis. Secondary an^ly3es suggested that the faflare nay have 
resaited frcE inadegcaie control of sessage content end failure to 
consider ^he concept of "domain." The theory aade better predictions 
for a ko/xset cf the concepts tha^ «igA.t be a domain. (Aathor/IL) 




* Docaaents acquired by BHIC include aany inforial unpublished * 

* Baterials not available froji other sources. EBIC laJces every effort * 

* to obtain %the best copy available., Hevertheless^ iteas of Marginal * 

* reproducibility are often encountered and this affects the guality * 

* of the Microfiche and hardcgpy reproductions ssic lakes available * 

* via the EBIC Document Bepro'ductibn Service (BDBS) . 2DBS is not * 

* responsible for the guality of the qriginal docuient; Ee productions * 

* supplied by BEPS are the best that can be aade frcji the original. * 



C?E2IKE2n:AL ZSVESnGATIOK 0? A SPACL&L HOTEL OF ISFOEHAnOS 



/ 




Robert T. Craig 
DeparrTT^ent of Speech Comunlcation 
The Pennsylvania State University 



Robemt !• Craig 



TSper presented at the annual convention of the Intematiooal CovKmlcation 
Associationv Portland > Or^gon^ April 14-17, 1976. 



Abstract 



SxperiicenLal I.nvestigatLQa or a Spactal Kodcl of loforca^ion" 



An experinienc tested the hypothesis that cognitive change resulting 
/roiL iafonration inputs can be represented as linear aoti'on of concepts 
in miltidixaensional space. Toe th«>reticai background is reviewed and the 
siathtoatical derivation of the hypothesis is given. A set of fifteen 
lotions vas scaled using Woeifel*s Galileo systea of mltidiffienslonal 
scaling* Experimental siessages were introduced and the posttest inter- 
concept distances coopared vi£b those predicted theory. The crucial 
partial correlations were J-ov, a. failure to confira the hypothesis. 
Seco^ary analyse^ suggested that the failure say have resulted froa 
inadequate control af laessage content and failure to consider the concept 
of "dosain." Toe theory sade better prediction* for a auhaet of The f j. 
concepts tiiat ^ght he a doisaiiu / \ 
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Introdocdda . , ^ 

It Ife perhaps asaecessary to rcaark that we woald uaderst«tsd « gre*t 

deal laor^ aboat huaaa cojnsmicatioa if ve understood* the xeLqA. 

Thar In Itself, however, is ^ soffl^i^c Jestlficatloa -eomcaicttlca • 

theory ta embrace cogaitive theory.- Ihe vorklug" asscaption of this scady 

^ is that there is potentially a core specific kiiishi? becweca the two field*: 

that f omal models of strtxture can be appUed equally well to cognitions 

and laessages, and that constraints oa process inherent in those stmctoral 

Eodgls can- shape 'theories of th^ cognitive effects of cosnnnicatica. 

The specific hypothesis tested is taken froa Craig (1975)-** In that 
f 

paper I distinguished between spacial and network paradigns, developed 
Dodels of cognition, sodels of messages and theories of coan^mication effect, 
in tenis of each paradiga, and . suggested strategies of integrating the twp 
perspectives- I suggested an experiaeat (Research Design #2) as a ' 
poteatialiy "crucial" - test of the general hypothesis of spacial stroctore. 
-That experiaent was conducted and the results are reported here. / 

In the following sectioas I will (1) discuss the theoretical backgroci^ 
Of the, research and preseat the derivation of the aq>eriiiental hypothesis/. 
(2) describe the design, procedures and analysis of the study, (3) preseat 
the results and (4) interpret the results, and cotkslder AltemAtiW 
e:!q>lanationsJ / ' y 



^ * Theoretical Background ' 

Spacial Mofels of Qognit ion ' * 

■ T ' . ■ • 

I 

Several theorists have developed aore or less el^orate* ^els of the 

t I 

■Ind as a ■ultidiaensional space in which concepts are def in^ by; their 



locaticas* ' The accnnolated evidence srroagly suggests the atiiity of the 
gesieral special n*c<iel. / ^ 

Scott (1969), Schroder, Driver and Streufert (1967), lelly .<1963, * 
146), Snnlce l (1963) ZDd Zajaac (190) are all cognitive theorists' vbo • 
speak of cogaitica mare or less generally as the projection of a stiszlos 



oa a set of psychologi c al din^easioas, vithout, hoverer, elaborating t? any 

great erteac the ^ge^ietry'* of cognitive space. 

A fax more developed special uodel is that of Osgood his associates 

(Osgood, Suci and Taaneabauz, 1957; Osgood, 1974). Osgood Introduces the 

idea of "seaaatic space*" as a model of the "affective nieaaiag system": a 

coordinate system v^ose origin is the point of neutral aeaaing aad whose ' 

axes are the general factors of a set of bipolar attributes (the seaaaJtic 

differential). Semantic differential research has disclosed- that at -least 

soae di i a en sions of semantic space ar-e reiaarkably stable and invariant 

across cognitive- domains. Osgood, Suci and Ta^aenbaun (1957) state: 

The ssne three isajor factors of evaluation , potency and activity 
(vhich were esrpirically rather than theoretically der±v«d3 have 
reappeared in a vide variety of judgiaental situa*tions, particularly 
vhere the sas^ling ot concepts has been broad. The relative weights 
.^^of these factors have been fairly consistent: evaluation accounting 
for approxijaately dotable the aiaoimt of variance due to either potency 
» oX activity, these two in turn being approximately double the vei^it 
of any subsequent factors, (p.. 325) ^ ' v 

Thi^ central finding has held up quite well in subsequent studies in laany 

cultures. Seventeen years after publication of The Keasurtaaent of Heaning^ 

0sgo6d (1974) is afeie to assert that the accusrulated reseaScS]^ rather 

convincing evidence for the universality of the affective »eanidg systea" 

Xpp. 33^'34). 

The seaantic space research nay be taken as evidence for the existence 
of stable, spacial cognitive structures. Osgood's xsethods aay be attacked,^ 
however, on the ground that they beg the question 6f whether cognitive space 
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is best tUDught of as sa atcribu^e. space, ^iegative evidence csrtoot be fouad 
by a aerhod vhich^ involves nieasuriag TaPrmtng cn interval attribate scales 
*aad factoring these scales; the results vilL necessarily g^pear as diateisions. 

A broader spacial aodel of cognition is found in the psycboactric 
literature on-isultidiiaensional scaling ^lor^ersoa^ l?58i_5h^api et ai*^ 
19'^2), Here algorithms have been developed to convert aatrlces\f psychological' 
^'distance" or* "similarity" saong concepts intx) configurations of pointi 
vitbln spacial coordinate systems. The recent "nonaetric" scaling techniques 
are* usually designed to ^produce a space_of Tr^njTrr^ dimensional it7 aDd TTayi<?nrrty 
iaterpretability. A review of a sample of the nomae trie scaling literature 
both tends to further evidence the validity of t±ke general spatial «xlel 
^ cognition and to deaonstrara the limitations of Osgood's vcr*l<m of the 
• laodel. ^ . \ 

Kany'xailtidimensional scaling^ (HPS) studies have found interpretable 
spac^l coJifigurations but .many of those studies also suggest zhat^ot all 
interpret^bie suitidimensional spacial representations of cognitive structures 
also have interpretable' dimensional structtires* Spacial structures »ay 
appear as interpretable -clusters, circumplexes or other non-dimensional 
form^/ The set ofj possible forms has been some^at systezsatized by 
Degerman (1972) • Rapport and Fillenbaua (1972) demonstrated that color 
terms in American English scale as ^ two dimensional circui^lex corresponding 
quite closely to the theoretical xolor circle, and th5t **Have" vords in 
American English (return steal, take, etc.) scal§ as a set of clusters in * 
space. • ' . 

When MDS studies have found interpretable dimensions, the dimensions 
are sometimes sixailar to the Evaluation^ .Potency and Activity dimensions of 
the semantic space and sometimes not. The study of Kations reported by 



ViEfa, Deutsch ead Biener (1972) fotxnd the ev^uatioii-Xike dimension of 

Political Allg nwn t asid the poteacy-llfce dliy^stoa of Ecosomic Devclopaeat, ' 

ft 

tot also found dlaaensipjis^^f Geogra5>hy-?opulati9a knd Ciiltu:re-2ac€ whicb 
have no correspoadtbce vlth J^eisantic ^p^ejlidtngs. Rosenberg and Sedlak 
<i972) found, for personality terns, clear dliaensions of goOd-bad and * 
doiLiaance-subaission. Barton (1972) found that occupatiOT naaes fall 
long dimensions of Dependenc>', Fr^tige and Skill, D'Andrade, «t • (1972) 
fouxid that disease tents scale by seriousness and contagion. 

rnese sti>dies all give evidence hoth^, the validity of the general 
spactal model of cognition and the utility ofniDS as a way of opera tionalizlng 
tbe spaci^l model. Perhaps more compelling evidence, horover, cooes froa 
t'jxose studies vhich have related spacial representations to hmsan behaviir 
assused to depend upon the cognitive siailarity of objects. That such 
relations hold has been demonstrated for the substitutabllity of constmcr^ 
products <Stefflre^ 1972) and of political candidates tKauser, 1972): 
products or cand;tdates. found by KDS to be closer together are aore likely 
to be Substituted for oqp another (switched aiaong) in the market or the 
electoral arena. Jones ^and Young (1972) found that frequency of social 
comsun^catipn could be predicted froxa distances aaong people in a spacial 
representation of a social structure* ^ . 

In sua, both semantic space and nonaetric MDS research tends ^ to' " 
confirm the utility of a spacial model of cognition, in that those. stodies 
have shown that 'the spacial representation is stable, valid on. its face, 
and reliably related to Other human behavior. 

0 

The Dost general version of the spacial aodfel has been pfbposed by 
Woelfel (e.g., 1974a, 1974b, 1975) and his associates (e.g., Bo«lf el -and 
Saltiel, 1974; Dane* and Woelfel, 1975; Taylor, Barnett and Serot*, 1975). 



Uc^lUl frees toe spaclal codel froa its - attachnseat to dlaesssioaal 

* 

inrrrpret^ioa ajid introduces both tfag aovei idea of cc^gaitlve ^laage *s 
ooiioa of coacepcs of culti.dia»ea$lon^. space aad the instruaeatatioi^ «ad 
coftvare to opera tioaalize that idea. 

lioelfe3, postulates that cognition is a process -of relating objects 
of trio-jgbt to each totier. .Objects are distliigulshed by virtue of their 
attributes.^ Woelfei's oodel, hovever. does not iive a central ' place ' to 
attributes as such. Rather, the aggregation of all respects in which two 
cb:ects of thought differ is taken to underlie an overall <flsslaUarit7 
or psychological distaace between the tvo objects. 'Thus distance rather 
thaa- attribute. is the generating concept of Itbe model. - There is .no . 
ass;i2^tion of an attribute space spanned by fundaoental factors. " The 
dissensions of cognitive space ne^ not in tlieoselves have ^y psychological 
significance Tttor need the origin of the space aeaa aiding (or nothing!). 
The cognitive space cay eadxibit interpretable patterned diaeaslons, duster* 
or other fonss. \ Or the configuration of concepts aay not be at all 

interpretable.. In any cafee, the confi^ation "is" just what it Vis"- its 

\ * ■ \ •* 

validity does not depend on its interpretabiiity. 

What is of tep ioport to Woelfel is not the interpretabiiity of cognitive 

space but, its dynamics. Change in the laeaning of an object can be ~ ^ 
-. * ' ' ' ' ' ' 

represented as odveaent of the object relative to other 'objects. The 

' ' ■ • ■ \ 

crucial test of Woelfel ^s model is whether "laws of aotion" can be found 

wh>ch parsinoniousiy account for the changes over tiiae in cognitive l^acel > 

« ■ . . ; ■ 

If such laws cannot be found," or if ooffe pars iiaonious- laws can be found in 

another paradiga, then the nodel falls. , 

Because the relationships it displays can be assuaed, even in princijIU, 

to be nefely ordinal, nonzaetric MDS «ay be considered* unsuitable for tb^ 



if'v.est igation of ^notion in cognitive space. Thus their interest in the 

sitedv of .change has laotirated the renewed interest of Moelfel and his 

as?5&lates 1^ the "classical" or "oetric"^ approach, vhich oakes stronger 

ass js^tions about nseasureaegt, Tnis revived interest has led to the 

ceyelopment of the Galileo system— a set of neasureoent'and~desipi techniques 

aad a package of coEputer progrsnis— 'which adapts classical KOS to Woelfei's 

interest in the study of "cultural processes." Ihe Galileo systea has 

been described in detail by Serota (1974), but a succinct overview of the 

,tecnnlque is provided by Taylor, Barnett and Serota (1975): 

rne subjects are given ^ toaplete {n(n^l)/2) list of pair 
comparisons^ for the set of concepts being scaled. They are asked 
to sake ratio jodgaents of the dissimilarity betveen concepts using 
- the fora. 

• • '1 

If X and 2 are u units apart^ hov far apart are concept 
* ' a and concept hi ' ^ 

Such an iten wording requests a distance judgzaent fxon a ^ 
respondent . . far apart are a and b?"). However, it 
requests that this jud^nr be Bade as a proportion of a standard 
dist^ce provided hy the researcher ("if*x and are -u units 
5 apart . \ This fonaat allows the irespondimt to report .any 

positive value; the scale is thus unbouSjded.at,the high end, 
continuous, and ^oundetT with- a true zero {iden.tity - two 
, concepts are perceived to be the >sane). 

Since the data for an individual case is highly unreliable 
(reliability being inversely proportional to the difficulty of 
the judgnent task), and since our goal here is a aeasure of 
social of cultural conceptions (Serota et al . , 1975), we cay use 
aggregation techniques to improve our neasurenents.- By applying 
the Central Litaits. ITieorea and Law of Large Kucbers we find tlxat 
* the arithmatic average of all responses for^any c^ai in the natrix 
will converge on the true mean for the population as the sample 
girpws large \ • . 

The mean distance matrix is further transfonaed to a scalar-, 
products matrix which has been double-centered*. (Torgerson, 1958) ^ 
to establish the origin at the 'centroiS of the distribution. 



♦Studies by Barnett (1972) and by Danes and Wdelfel (1975) have 
achieved adequate levels of reliability with saaples of well under one 
hundred people. - ^ ^ ♦ 
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Thls'aacrix is subsequenay factored (using a direct iterative, 
unstandardized procedure) to achieve a coordinate natrix vbose f 
colusas are orthogonal axes and \fbose rows are the projections 
of the concept location on each of the axes .... This space 
has the property of representing ther average distance judgneats • 
for all possible pairs' siisultaneously. Additionally^ the 
trultldioensional spacfe Is constructed, frra the unstandardized 
distance vectors between all possible pairs, and all variance in 
th^ saisple :p;?pulation is thus accounted - Zpr by the 'a-dlaensionai 
space. 

Finally, this procedure is repeated at each point in tine and 
the spaces are rotated aboqt thecentroid to a least-squares best 
fit to provide approxiiaations of the concept notions over tine.. 
Pros these resultant cross-tisae coordinate mtric^ we can fit 
curves (trajectories) of motion which describe the relational 
changes froa the set. (pp. 4^5) 

A core recent addition to the system is an alternative rotation procedure 
which takes account of theoretical assumptions about which concepts have . 
and have not "laoved" during the interval between observations CWoel^el ^ • 
et al. , 1975). • , . • 

Woelfel's ciodel has soiae shortcoaings, the most severe of which arise 
fron the problems of oeasureaent. The model handlefe laeasureiaefxt very' 
well in principle^ ,hut. in practice It is just neasurement which oost 
jseri^ously limits the model's applicability. The model requires r^tio 
Jevdl measurements x>f psychological distance which, quite simply, cannot 
be reliably provided by individual human subjects, at least 'under 
procedures\o far devised; Thus the model ,^ which one wopld like to > 
describe individual as well ^s aggregate phenomena, can be tested only ^ 
on aggregate data. * - , ^ " ? 

One dbi^d also attack Woelfel's model, by citfig cognitive structures 
which it seems unable to describe — my knowledge*of how fotie my shoes, 
for example. Byt thl^ sort of criticism ignores the large range of 
phenomena which the model does seeth to describe, and avoids rather than 
attacks the central issues rais^ by the, model, which are both -eMpirical 



and interesting. No claita 6f universal synthesis can be' cade for the 
Dodel. The literature cognitive theory is a cornucopia of spdces, 

V 

networks, schemata, groups, iispllcational sjtructi^es, psychologies, 
algorithms and^other paradigms (cf. Zajonc, 1966; Deese,' 1969; Veick,, • ' 
1968) . . To artenipt to subsume all of those models under q§e aqdel at the 
. present stage would be folly. It would be better, as in the present . ' ' 
study, ^to tackle the issues, raised by a specif ic,. veil- formulated laodel, 
Attempting ther^bjr to determine the range -of phenomena to which it applies. ^ 

The literature strongly supports the inference that- spacial models 
can be' meaningful and useful representations of cognitive structures. / 
This is not to say that all cognitive structures dan: be represented / 
spacially, Tmt is to say that a broad range of stru.ctures can be sa 
represented. ^ The question now" becomes ^whether the ezJLexisions of the sodel 
implied by Woelfel's broad stateoent of it are equally .valid/ 

Extensions of tlie Spacial Model; Models of Messages and Theories of 
Communication Effects ' • * ■ ' , . /. 

A model of messages is, a model of. "the formal characteristics of. $ 

content analytic constructs." (Krfp^ndorf, 1969: 71) 'A model of messages 

'flowing f rep the spacial model of cpgnition holds that a- nessage is an 

implicit matrix of inter-concej)t distance^, which can be scaled or plotted 

in the same way as ©an the cognitive space ''which it reflecta* Such .a * - 

model might be seen as just an extension of the accepted^ notion that a - 

message can be scaled, for example, on an attitude, continuum. Instead of 

an implicit attitude we assume an implicit distince matrix. This idea is 

not entirely new. It might be said to underlie Osgood's (1959) method of 

"contingency analysis" as well as more recent computational content analysis 



techniques that permit miltidimenaional scaling of .message content (Smith, 1974) 



Once we have consti^tjcted a spacial model ot laessages we can ask how 

'• < ' ■ - ' . ^ • • 

Inputs of messages so conceived' would affect cogaitive structures. ' This . 

leads, dlifeccly do a'spaclal theory of conammlcatioft effects. At thAsiost ' 

.primitive leVel such a theory might assert* only that Jthe motidn brought 

•about by information would be^^etoingful" or: "interpretable" in «uch the 

same sense as static multidimensional, scales* tend to be interjJtjBtable. 

Several studies of Woelfel's model have been claimed to' demonstrate^' 

meaningful motion, Gilham J(1972) ; Barnett, Serote' and Taylor (1974);* 

Taylor, Barnett 'and Serota (1975); and* Woelf el* et al , (1975) all report 

studies in which obtained changes in the locations of concepts generally 

\6fire successfully interpreted in light of ' known information inputs- . These 

» / • • • ' . ' A 

studies, however^ share some important shortcomings. First, despite the 

purported precision of the model, the interpretative analysis in all cases 

*was 'qualitative and in two of the studies was eatirely post hoc , while In* * 

the other studies It was based on .qualitative predictions. Sefepnd, \ 

in every ca^^he analysis focused on certain changes and"" ignore4 'others. 

There seems to have been no attempt made to systematic^^y exiJlain 

observed changes, to seek out evidence contrary to* theory, qp^^en to 

accouitt for apparent anomalies. 

Thus the evidence for the meaningf ulness i^f^^motion in cognitive space, 

while suggestive, is far from conclusiv^^i^ The research so far has npt been 

very rigorous; and in fact the a^otmulated evidence largely consists of 

post hoc interpretations o^^el6cted features of the observed changes in 

spacial locations of concepts : The theoretical work in this area has / 

become quite developed. Needed has been research that will tie together 

the spacial models of cognition, messages and communication effects in , 

testing, precise, ^ a priori hypotheses derived from explicit assuiq>tionjB. 

• 'V 
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rne research report^ in this paper vas designed to xaeet those needs* 

r 

A Tneory of Linear Kotion: Qyerviey 

The first step in rigorously testing the idea of laeaniagfal notion 
is to construct a laore specific theory vhich is f alsifiable.' One point 
concerning spacial theories of coxmrnnication effects should be xnade clear: • 
the test of any partjUcular theory is not equivalent to a test of the general 
spacial sodel. Hany spacial theorizes are possible — some inore cosplicated 
t-i3n others. Tne ,theor^ to be presented here, for exacple, assuaes linear 
rotioa in a stable, Euclidiaa space. Conplications such as. nonlinear 
motion and varpage of space co^ld be introduced later if the siii?)ler ' 
theory fails to explain data. Toe general strategy should be to test 
siinpler theories firs't, and to coicplicate theories only when forced to by 
data. It should be recognized, however, that therre is a point at which the 
repeated failure of ever-iaore^osiplex theories to account for the observed 
phenomena would force us ig conclude chat the general spacial paradiga is 
imfruitful. So vhile no study can provide a "cnacial" test" of the general 
spacial cx>del (or even, for ^t aatter, .of the specific theory under 
investigation), a study such as the present one can contribute to the 
aLtinate evaluation of the general spacial nodel^ 

Suppose that cognitive change resulting from infortaation inputs can 
be represented as linear rsotion in isultidisiensi^nal space. This inq)lies 
that the c^iange in' a concept results in precisely predictable changes in 
tfi&^^^ychological distances between that concept and all other concep^s in 
cognitive space. The principle can be seen by laagiiilng a nunber of objects ^ 
arrayed on a tal?le. Moving one 'of the objects toward or away froa a "second 
object changes the ladved object *s distances froa all other objects in a 
precisely deteralned fashion. Aa^^pplied to huaan cognition this may sees. - . 
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a vild hypothesis, but it follows rigorously froa & set of asscs^tio^g 
vr^i-^ are not in thenselves Iii5>laa8lbl.e: a conceptual structure in cognitive 
space, an4 a aessage th« is "aboxxt" the distances of a conc^t froa sooe 
other concept <. 

.In order for our theory to permit nmserical predictions ve rust adxit 
several fiirther assxznptions, the aost iirportant of vhich are those that 
coi-iect the spacial rjodel of messages to. the concept of cognitive notion: 
a /theory of eonsrcnication^ effects. , 

For this sti^y the theory chosen vas Voelfel*s Linear Force Aggregation 
Theory. Saltiel and Wcelfel (1975) explicate the theory and suasarize the 
sur^rorting evidence. One xrust concede that the evidence for the theory 
is ^ot terribly strong, and that ^J.ook at behavioral research done froo 
ot'^^r theoretical perspectives — for e^^2iq)le, studies of the relatioil of 
xie^^afe discrepancy to attitude 'change, for gf inforaation integration in 
isrpression fomation — irould provide a "rtlfV j?'^ Jmcr suggesting that 
no re ccpplex theories than Woelfel's are req%ired. Since our focus here, 
j^hovever, is not on the exact shape of infonaation processing curves but 
is rather on testing of the funfiaaental idea of cognitive notion,' the 
sirplic^ty of the Linear Force Aggregation Theory is attractive, Furtheraozre, 
because thfe theory posits that attitudes are "taade out of" accxsailated 
messages, thfe theory provides a direct link, a linear relationshipr between 
isessages and co^itive structiires. 

The Theory of Linear Motion nakes- several, asstrnptions' beyond those 
of Linear Force Aggregation Theory, tnose assur^tions are apparent in the 
derivation vhich follows. , ' 

A Theory of Linear Motion: Scope Ccnditions 

Tne theory predicts the tine t^* distances aaong a set of concepts 



(s'jj) given the following: 
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Ci) The following quantici.es are knova: the set of distances 
between each pair of concepxs JL and 2 tise jt (s£j)>^ projection 
c: each concept on each dinensi'Dn of cognitive space at _t (^^j,)* the 
iT.trt:.al z^ass of each concept (n^), the mmber of isessages received in 
f > ^wcervai £ - t^' (p) , and the set of ^sertions contained in messages 
rt:c'ived durmg the interval t - t' (s..)* 

. (ii) Tae interval t^ - t^* is suf f icient-«for equilifariun to be 
establis.-ved in the cognitive space folloving receipt of aessages- 

Ciii) No change occurs during th^ interval _t - t\ except that 
lt.^^ck?z zy kncvn z^essages. 

Derivation of the General Structural Equation 

Woelfel's Linear Force Aggregation Tneory states that a belief is 
eq^i to the sean value of all messages received* Translated into terns 
of the spacial SK>del» 

(1) -■ o 

r 

k=l ijk , 

' '~ 

Where: s^^ » the psychological distance between concepts i and j> 

^ ^-f-sv ^ distance proposed by nessage k, 

<^ ' ' 

n ■ the total number of nessages Vhich have located i and j-^ 
the "inertial nass-' of s^.. .-w • 

ij 

A direct inplication is that the effect of "nev^ taessages on an already 

( 

established belief is equivalent to a change in a aean given .additional 
values* 

(2) . ns. . + ps. . p 

^'ii - ' - - * — ' ^«ij - ^ij> 

^ n-rp •'n + p 
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Where: s* - the nev belief 

? * the aui^er of new i&essages 

•S^j ■ seaa distance proposed by th^ new zes&ages 

Ir view of the conclusions of Woelfel and Saltiel (f orthcc»d4ig) , we ought 
to regard s*^^ as an equilibrldb value chat will be approached over tia^ 
as the messages are processed. In short;, we are dealing here with what * 
sirictly sight be called "coicparative statics" rather than dynamics. 

.Assui^e that n, the total nmiber of s^sages which have located i 

c 

arc j, can be expressed as a sua of tvo quantities, 

(2j n « n^ V n^ , ^ • 

v-,tre and n^ are the nunber of iLessages which have located £ and j, 
•respectively. This assuaptlcn allows us to partition the expression on 
the right in equation (2) so as co reflect*- the relationship between in- 
erciai aass and iiessage effects. • * ^ - 

X4) • 



s . . = s. . 
13 i> 



Ln n ^ p J in n ^ p J 



wnere the left bracketed exjsression is the change brought about, in j and 
the right bracketed expression is the change brought about in i. The ^ 
change brought about, that is^ is inversely proportional to the nuaber 
of iLessages which has located a concept. In still other words^' the change 
brought about by new jsessages is "apportioned" between i and j in inverse 
proportion to their inertial laasses* 

Sow assuae that JL and j are located in a isultidix^nsional' space^ 
and our problea is to deteimine the change in location of a '"aoved** coa- 
cept i with respect to all" other concepts in Che space. The first ^step 
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doiiig this is CO note tnac s^^ can "be expressed in tcrzs of the pro- 
jeccioas of i and j on a set of orthogonal reference axes of the space. 

9 



/ 

vr.cre f^ and f^,^ are the projections of i and j, respectively, or^axis 



»£, and r is the dimensionality of the space, s^^ and ^'^j c^n, of coarse^ 
De expressed s^iailarly. 

Tne general structural equation for post-aessage pairvise distances 
£3or:g concepts in* the space can nov be derived in three steps. First, 
ve 7.eed ar' 'expression for f^^^, the projection of concept i on axis f as 
proposed hy nev messages. Second, ve need an expression for f the 

new equilibriuia for the projection of i on f brought about by the nev 

< 

messages. Third, ve can write the general structural equation. 

The e^q^ression for f^^^ assuzzes that one-half of the change proposed 
by s is directed toward corjpept i, and that the change proposed is ap- 
portioned aiaong the dicensior^s of the space "proportionate to the distance 
between the projections of i and j on the dinensionl. 

The last factor in expression (5) is needed to detemine the sign 
of the changes proposed in f^^^. The expression for f'^j^ the post- 
sessage equilibrium value of the projection of concept i on axis f> can 
nov be adapted froa the appropriate parts of equation (4). 



ik ik ik ik 

n + p 
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in equaiioa (7), — is aoltiplied by 2 to talce account of the f^t tjiac 

the derivacixjn of s^^ has already divided the pro;«5^ed change, and allo- 

cat€:d the change to concepts i and j separately^ Kote that if either 

p=D or 3..«s.., then equations {bi^^axi (7) result 'in f. «f,, . Biese 
ij ij xk ik 

eTjuations, that is, can be applied to any concept in the space, regard- 



less of vhether any messages have affected nhat concept. 

'•.Substitution into equation (5) oow>i^es the general structural 
'eqy*£ion. 



vhere i and j. are any tvo concepts in the space. Equation (8) is a , 

general fStructural equation iiytae sense thax it gives the post-sessage 

distanced between. ail pairs of concept^» including pairs in which 

.J 

neither, one. or both concep^ts have been affected by messages. 
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Kethod 

A pretest-Mnipulacion-t>ostrtest, vithin-stjbjects erperlacat*! ^r#^gn 
vas used* Subjects vtre 64 graduate and uadcrgiuuiustc stodcats liT - 
cozrrunicatioa classes at a large tmlversity. 

Fifteen cl^cepts vere scaled. The concepts vere Vatioas. The Hatixjns 
were selected by a procedure that cozbined randoa and judgnental features. 

Three messages vere constrwted. E^ch nessage argued that a pair of 
nations vas either "very siisilar" or "very dlffer^t." The aess^es vere 
Ox corrparable length and structure. 

In the pretest the fifteen nations vere scaled. The subjects nade 
'direct, ratio judj^uents of the distances betireen all 105 pairs of concepts, 
rne subjects then jread the messages, vhich were intended to induce tsotioh 
in six concepts^ leaving nine concepts unzaoved. The two sets 'of concepts 
(nianipulated and not) provided e>:periiaental control. Theory predicts that 
specific changes should have occurred in 69 out of the 105 distances aiaong 
the fif teiaa .concepts, vhile the remaining 36 distances should not have^ 
charged, the subjects alsi> nade estinates^of the xiistances between canipulated 
concepts "in the nessage," those estimates to be used as estiiaates of the 

cor tent of the xaessages. The Subjects also rated the familiarity of the 

^ / ' ~ ' " . 

coxsitries.. Those ratings vere used to estimate the inertial casses of the 

concents. ' . i - 

In the posttest (one veek later) the subjects again read the thre^ 
messages, then again estimated the 105 inter-cqncept distances, vhic^ 
distances vere to be coin)ared tvith those predicted by theory. 

Pretest and posttest distances vere aggregated across subjects and the 

near distance matrices vere subjected to isetric tailtidinensional scaling, the 

/ 

second 'space rotated to cor^^arability vith the first by two procedures 
described by Woelfel et-al. (1975): (1) « "no «t«ble concept*" rotation" 

19 
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that asstaces so re^ catidn has takes place between seastxrezaents (least 
sqixares best fit of fhe coordinate ratrlces), and (2) a "stable concepts'* 
rotation that ksstis^ "real** rotic^i by the six tnaaipulated conc^ts bet 
^no others- Procedure (2) involves translating the coordinate^^cxtrlces to 
the centroid of the "stable** (assizt^ed unooved) concepts before rotation* 

A cor^uter progras (TESTLA50 vas vritten to Input the coordinate 
matrices and z^sage crateut and inert ial laass estimates and output ^ter- 
concept distances and concept coordinate values as predicted by the theory 
of linear raotion vnder several sets of auxiliary assusptions discussed 

belov. Tnese predicted values could then be con^ared with those actually 

# 

or served* 

The funda me ntal hypothesis test is a correlation coefficient between . 
precicted and observed posttest inter-coacept distances ancng concepts ► 
rncre are, hovever, many different bases -upon which the correlation can be 
CO— ^uted. ' First, two different rotation procedures were used to nake the 
pQ5^rtest space corrparable to the pretest space. Each. procedure (because it 
involves rotation of imaginary coordinates) yields a unique set of "observed" 
po<;ttest distances as conputed from coordinate values. The actually ^ 
ob?erv^d distances are, of course, still a third set^. Second, there are 
theoretical grounds for supposing that the distances between concepts on the 
first few dlDgnsions /of cognitive sapce are ?aore valid, than the ''raw" 

/ ■ 

distances, since th^ latter include more error. Thtxs the correlation taay be 
corf-^uted on cumulative subsets of the dimensions of cognitive space. Third, ^ 
since the effects of irifonaation, rather thto the csere stability of cognitive 
space, is at issue, the pretest distances should be controlled In the analysis, 
This nay be done by cptsputing partial correlations. 

All of these tests were computed and are reported here* Additional 
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crrr^lations ^arere cosputed and are npt reported ii^re. -These Involved the 
use of -'Sang€ scores and the prediction of coordinate values* The patterns 
of these correiations^ere decaed sufficiently aiiEtlar to the reported 
correlations to warrant their exclusion to sa^^e space, " * 

Questionnaires, cessages, cocputer prograzis and siq>plcacntary d*ta 
smlyses are available fron the author on reqtxest. 

i ' Results 



Mul:idt::ensional Scaling Analysis 

The resul^tS--«Lf the netric KDS analysid»^re given in Tables 1 and 2 
anc in Ti^xe! 1.^^^^ 

Table i ^ ■ the coordinate catrix for thFpretest data, table 2 is 



the ^rotated coordinate 'feat rix for the posttest data. Fifteen roots were 
extracted- TroQyeach distance natrix. This result would be theoretically 
Iripnsslble since n points can always be rep^escnred in n-1 or fewer 
. di-^ensions; ^ In each case, however, one dlinension accounted for approxicately 
none of the vartiiice in the distance natrix. These coordinates, as Serota 
points out (1974, p. 64),*" . . . are artificial an4 represent rounding 
error in the coisputer algorithm . . . ' ' / : 

Three of the valid roots extracted from the pretest matrix were 
negatire, while two of the fourteen valid posttest roots were negative. 

The negative roots accounted for abotit 6*7 percent of the' total pretest 

\ ^ ' 

inter-^cot^ept^distances (the. total of their eigenj^ilues was -11^553 as ^ 
coDpared to a trace of 161,713 for the matrix). The negative roots . accounted 
f^;^ about 2.7 percent of the total posttest intat-concept distances (the 
total of their eigefiva;iues was -4397 as coiq>ared to a trace of 161,192 for 
the natrix).. Similar shrinkage of the inagtrcary diaensions hat been noted 
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in previous studies (e.g., Taylor, Earn^tt and Serota, 1975). * , 

Figure 1 is a tfaree-diaessional plot of the results of the stable 
""concepts rotation procedure. The figure shovs both pretest and posttest 
Iocs c ions. The nanes of the nations have been labeled and the direction 
of ^change indicated Sy arrovs. X, the first dinension, runs f roa left 
"frc^t/ to right "rear"; Y, the second dimension, is vertical; Z, the 
thi'-d dinension, nins fron right "front" to left "rear." The X and I 
direr.sicns are readily interpretable as Economic Development and Political 
Ic^;logv, "respectively. The first dicension nms froa Vest 
Ger-^,y at th6 high end through moderately developed Eruope^'and Latin 
American countries to the- least developed African and Asian countries at the 
lov end. The second dinension runs from China and tJ^SvS.R^. at one er^d ' ^ 
thrc--gh varioiis Asian and European countries to the Aiaerican nations at the 
lev, end — a general , although not entirely consistent trend froa nost radical 
to nost conservative countries. These two dimensions are sicjilar to the 
first tvo dimensions found in the noniaetric }£DS analysis of nations by 
Vish, Deutsch and Biener (1972).. 

The third dimension is not so readily interpretable (^lor vas it in 
the Wish e£ al . study). Regional clustering, however,^ is evident on the 
X-V plane vith each quadrant corresponding, rx>ughly to a continental zone. 

The overall ^iai'lacrity of the scaling results to those obtained by 
Wish et al . tends to con^m the validity .of the present scale. 

the reliability of the scale nay be* assessed in at least tvo Ways* 
One is. to correlate the tsean pretest inter-concept distances with. the 
corresponding posttest distances* The correlatlot^ for all distanoas 
(?J-105) was 187; tHat for imnanipulated distances (those hypothesized not to 
change, R*36) vas .91; that for all sanlpulated distance* (B*^9) va« •84; 
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taa'i^'thac for indir^tly changed discances (K»66) was .85, Kote that the ■ ^ 
j lDv«r correlation for the indirectly changed distances than that for all 
di-:cances Is consistent vith the conclusion that the oessages had indirect, 
effects as hypothesized. - . " 

A second way of assessing reliability is to exanine the stability 
of rhe coordinate systea by correlating the pretest coordinates vith the * 
posrtest coordinates for each dinension. This,- of course, cay be strongly* 
influenced'^y the rptatfon procedures ei:5>ioyed. For the no stable concepts 
• rccacfon, the reliabllit4.es for the three largest real dimensions were .99, 

.93 and .95 for the first, second and third diraen^ions, Respectively; and 
I for rhe tvo largest imaginary dinensions, were .60 and . 90. for the fourteenth 
and fifteenth dincnsionSv respectively. For the stable concept rotation, 
the reliabilltiesf for the first three diiensioiis were .99^ .93 and .94^ and' ^ 
for the last t%:o were .52 and .?8. The reliabilities seerf adequate under 

. ' ' ' ' ' . . . 

both rotation procedures* 

1 - 4 

I Edght note, as ah aside, that the fair stability of the imaginary \ 
dimensions tends to undermine interpretations of such dimensions as 
indicating measurement error.-. Whatever psychological jieaning the Imaglaary 
.dliSienslans- may hive, they' are a st^le phenomenon, not error* . ^ ' 

Hypothesis Tests ' • • ' /. * i ' 

The mean of the absolute ^changes of th^ three directly changed ' - 

. distances. was 25.8* The meap of the absolute ch«iges of th^ sixty-six 

^' . ^ ' . . . ^ - ^ 

indirectly changed <iistanc^s was 12.3. The mean of the absol^te changes 

* ' - ' ^* 

'of the tihirty-slx no change distances was 10.8. This pattern: t« cqnststent 

- 7 . ' « » t ' ' 

_ ' ( . • 

with the hypothesis. ' • ' ' 

• A b&re. dirett test is givea ij the eorrelktion of predicted vith ' " 



oVsex^red posttest int^r^ancept distances. As discussed above there were 
jaa^y distinct bases on vhlch such a correlation night be corputed. The 
^ results are presented In Tables 3 and 4. - > . 

3n Table 3 are the zero order Pearson correlations between the postteit 
inter--concept distances (s'^^) and those predicted by the theory, either 
including concept nasses ih the coir^jutations or excluding concept 

2?asses fron the coE?)utations (^^j). All of the correlations (which, of 
course, were highly interdependent) were statistically ^^ly significant. 
Most were greater than .8. Several general patterns in these correlations 
aay \>e noted. First, there was a tendency for the .correlations for the 
''con3?uted** posttest distances to increase in magnitfude as less dimensions 
were included in the cotsputation^. This would be expected since the larger 
••(lower) diraehsions are rore stabler The correlations for the actually \ 
observed posttest distances, however, fit an opposite pattern, yielding 
higher correlations for predictions based on taore dioensiois. This also 
would be expected, 'however, since the predictions based on only a few- * 
dinensions are not truly comparable to the actually observed- posttest 
distances, which are,' as it were, based on all dimensions. Second, different 
^pattertis resulted from the different rotation procedures. The stable 
concepts rotation displayed a pattern, for all but computations based on 
only the first dimension,' of higher correlations fpr unmanipuLated distances 
than for manipulated distances. The no ^stable concepts rotation produced 
no such pattern. The pattern of correlablons for the actually observed 
posttest distances was more similar to "the stable concepts than to the no 
stable concepts rotation — a fact whlgh may suggest the greater validity of 
the staWe concepts procedure. Finally, there was no clear pattern of 
differences between correlations involving predictions taking account or not 



•taking account of the ccfKcept nasses. Ihus inertial ca^s, as aeasxired In 
the present study, -did not clearly^ contribute to the theory's predictive 
pbver. ' \ 

In TabJ^e ^ are the first order partial correlations controlling for 
the pretest Inter-concept distances. These correlapioQS were substantially 

• • • 

lower than the zero order correlations, denonst rating that raich of the 
accuracy of prediction displayed, in Table 10 vas.due*siirply to.t^e stability 
over ticie of ^ the aggregate cognitive space, a stability rightly assuaed 
by the theory. Three additional facts about this table are vorth noting. 
First, several of the pArtials vere large enough to be statistically 
srgnificant (the jaeaning of this, however, is coiplicated' by th^ inter-- 
dependence of the corrjelations) . Second, the cp/:relation|^vere lowest when 
restricted to the 66 indirect changes, although a few .(inducing, however,, 
none of those^ for the actually observed posttest distances) were still 
*large enough to be significant. Third, -negative partials were observed 
^for correlations, based on the first dimension cnaly, and those correlations 
are anong the largest in the table in absolute li^gnitude* The negative 
correlations ar^ clearly contrary to the theory • ^ 

, !)iscu8arton 4 
E'valjLiation of Results " . 

— ; ^ — . ' • »; 

« 

.The resxxlts of this study do not appear to si^port the hypothesis. The 

correlation of predicted and obseVved inter-concept distances showed that . 

the theory predicts very well, hut only betause it predicts the' general 
^ : . ' • • , ^ ' ; . ^- J 

stability of the cognitive structure, ^'en the pretest scqres are 
statistically controlled, especially when the three direct changes are also 
rencv^ f rota the analj^isis, the. predictive poyer ot the theory becoaes quite 



poor in absolute terras: seidoa does it account for cuch as five percent 
of the variance in the dependent variable ♦ Isolated correlations itigfat 
appear prosising, but the overall pattern does not. ^ ' ' . 

■ ■ ■ V 

Certain results are strongly negative in their is^jlicatlons ♦ Vere 

the theory correct, one would expect better results for the stable concepts 

rotation than for the ho stable concepts rotation, since the fomer ^stsaed 

tne success of the experiments 

Yet the no stable concepts rotation gave results vlriLch vere, if anything, 

slirhtly nore supportive of Che hypothesis* "Even oore disturbing are the 

nepxtive results oh the first dioension. Soae ot, the strongest partial 

correlations are negative correlations for. coisputations based on the first 

dirension only, these correlations are- contrary to the tjieory. 

A closer erflnination of the plot of the results (Figure 1) nay shed 

sorie light ♦ The three experimental nessages argued that Singapore and Fiji 

are cipse, that Congo and Guyana are' distant, and that Portugal and Brazil 

are close* Consider the actjoal change of these countries as revealed in 

Figure 1. While the net- change in each case was as predicted, the motion 

was not, as assumed by the theory, directly along the lines connectiag the 

pairs.' The slight net convergence of Singapore and Fiji resulted nostly 

fron changes along dimensions not plotted. The two countries actually * 

diverged on^the first and third dimensions^ (in the latter case bypassing 

one another) and converged on the secpnd dimension only because of Singapore** 

greater velocity; Fiji moved in the diredtion opposite to' that preditrted* 

Again, Congo and Guyana's net divergence resulted from movements at large 

angles to the directions predicted^ Jlegardless of rotaition procedure one 

of the- most prominent changes was Congo's movement, contrary to prediction, 

• * 

^ong the second dimension^ The divergence of the two nations on the third 
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dir*nsicm vas about as expected^ but .their lock-«tep aotioo oa the first 
cir- nsica vas quite opposite to that predicted. Finally, Portugal and ^ 
Sraril's net convergence occurred despite Brazil \s laovements opposite to • 
prediQtions oa the first and third dimensions and Portugal's opposite 
novengnt oa the first and second dimensions • Ket convergence the second ^ 
and third diiaensions occurred only because the country aoving in the '*ri^t" 
direction tended to overtake the other^ cotmtry. 

There are evident in the plot other changes that are not interpretable 
in teras of the hypothesis. Several uninaaipiilated nations exhibited 
apparently substantial aoveaents. One noticeable tenden^ vas for the aore^ 
extreme countries to move invards in the general direction of the origin — 
a pattern suggestive of the phenomenon of regression toward the mean* 

These changes are not interpretable in terms of facts known to the investigator, 

♦ 

4 " 

Alternative Explanations , * • 

Seven alternative explanations of the results have been considered* 
Some of the explanations save the theory by indicting the experiment, vhile 
others point toward different theories. , / 

Four of the seven alternative explanations are xegarded as ^latively 
weak or implausibly* First, the experiment nay have «failed due to w^ak * ^ 
messages. In fact, none of the three messages produced* a quite statistically 
significant change in- the distances "to which it referred* This,- however, 
was 'chalked iip to ^he noisiness of the Galileo system of measurement At the 
iridividiJSI level of analysis; all analyses in this study werfe done with • 
aggregated data* Second, some observed cfeanges might be due to messages 
from the environment beyond the experip^,nt during the week between 
observations* cannot be ruled out because there was no separate 
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control group of 5xi>jects, but I paid dose axteatica to the isas/iaedia 
that veek sad^are been caable to drav any connection to vhat h^>pened ia 
the study. Third, the design inay iiot have alloved caou^ tloc following 
the ^Lessages for cognitive equiiibriun to be established. If this verc 
tr:ie it voald still not cscplain changes directional ly oj^site to those 
pre'^icted. rotjrth, tji/t ootion of concepts during the bxm^ eight have 
beer partially a function of notion that was already taders?ay prior to the 
study. • This izrplies a 'Ser^ontan notion of cognitive ^inertia" vhich needs* 
to re validated in its ovn right before it can carry, iruch* vei^t in a case 
such as the present one. Tnese last two explanations could have bfyn ruled 
out by a second posttest had one been administered* 

The fifth explanation is that the cxperiiaent failed because the spacial 
nodel is radically vrong. Oae alternative itodel votild be* a cognlti^ye network, 
a set of concepts partially intercctftnected by various sorts of cognitive 
links. I have previoilsly , discussed this laodel in sooe detail (Craig, 1975)* 
Given a large body of literature with vhich I have becone faniliar since 
writing that paper (e.g., Tulving and Donaldson, 1972), I wcxxld now give 
the network laodel greater weight and a different treatz&ent. A network 

tpodel, however y explains the present results only in the .rather uninforeativc 

^ *- " _ '* * 

sense that an inconpletely connected network, viewed in terris of a spacial 
model, would behave strangely. Soae indirect tests ^of the network hypothesis 
were tried on the present data. These tests failed and are not reported for, 
reasons pf- space. / 

A sixth e3q>lanation^ and one vhich I find interesting, is that the 
experimental nessages were noisy; they contained "unintended" information, 
and 'SO ooved the con.cepts in unintended dli;ect^ons. 

Here we confront a serious dilemi which no future e3q>eriaent of this 
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sort csn t^ore. A realistic and credible laessage ccmceraing a. particular 
pa:z of concepts mist, it vould seei^ sake references to rr j tn j •'third*' 
cc-'epts by vay of introducing points of coitparisoa or contrast between the 
e?T-r5-ental concepts. In comparing Fiji and Singapore, for cxas;>le, we 

* 

^* sa: tnat botn vere srall, tropical, former . British colonies, recently 

irce-^endent^ and parliainentary denocracies. Perhaps the veakest aspect of 

t*^is study, in retrospect, vas its assm^tion that the infonnation incorporated 

ir the ressages vould exert force only along the line directly connecting 

t'-e oairs of isanipulated concepts. In retrospect it vonld have beep just as 

rearsrarle, and perhaps core reasonable to assxzute, for exsirple, that saying 

that Singaoore and Fiji are both parliasentary de!x>cracies not only vould ' 

iDcve ^in^apore and Fiji tovard each other but also TOuld novf both Singapore 

and Fiji'f:ovard the COTcept of "parliaaeatary desocracies." This, tbciv is 

* 

the dilesma: on the one hand"," ve want realistic, credible oessages; on the 
other hand, ve can only include a lijsited nunber of conceits in the imlti- 
<iisensional scaling analysis. It seeas thst ve rust choose eidier ineffective 
or invaiid isaniptilations. 

The dilerma pight be avpidjed if ^e had a t;ruly adeqtxate spactal xKxiel 
of v^s^age content. Hore imediately, the H-flW^^ cdgjit be avoided by 
thorough pretesting of the riessages in several pilot sttidies which would 
Incorporate, in overlapping. parts, all of* the concepts referred to in the 
Dessages. The c e aning of the aessage would then not be laeastrred as it was 
in this study, by a single iten referring to the single pair of experinental 
concepts • Rather the neaning vould be neasured J>y a set of iters referring to 
a set of reference^^concepts cocaon to all of the pretest studies and the 
main study. And the'novecent of the nanipulated concepts would ^not be 
predicted to occur along the lines connecting the pairs; nor would the 
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force of the riessage be assuned^ divided eqt:all7 betveen the tvo ^zperliadul 
cereals* Hatbfr, the soreiaeat of eadi ccaccpt wcmld be predicted as a 
lir:ear fusxrtioa of Its predicted novemeats vith respect to tbe TOolcrset of 
ref^rexice ccrac^ts. The theoretical prediction of "Indirect"' changes woald 
then be bas^ c?n a set of coccepts included in the stndy but not ist 

sny of the pilot st^idies, 

' ^ ^ By conparisoa to this ideal set of procedures the messages used in ^>^^« 
study yere little better than shots in the dark. Can the apparently chaotic 
rovesrents apparently indticed by the cacperiiaental messages be explained by 
-essuEing that the nessages vere noisy? The answer, in general, is trivially 
'*y^' ' Less trivially .and sore concretely, certain unpredlcted changes do 
ieer directly attributable to certain unintended ressage contents* ^e 
cxariple of Singapore and Fiji is a case in point. Both coxmtries, which 
vere said to be parllsmenlary dc!ii)cracles having capitalist economies, aoved 
toward the^ ''conservative" end of the second dirien^lon, which seeoed to 
represent political ideology. Another case concerns Congo. Congo's noveaent 
tcvard the "radical" end of the second dissension vas one of the cost proaincnt 
changes iti the stxidy. This lao^reafent, which 'vas not at all predicted, is not 
at ail'-surprising in viewt)f the assertions, in the r>essage about Congo 'and 
Guyana, that/^ongo has a socialist econosy and a one^arty govermaent, and 
is a self-proclained "corraunist**- state. Perhaps ve could even explain 
Brazil's noveneat toward the African cluster as a consequence of the* 
reference in the nessage to Brazil as a fomer colony* Perhaps we could 
explain Guyana's novenent in a general "European" direction as a result of • 
references to' it as a parliarsentary denocracy or as a ©eaber of the British 
Cocaonwealtl) of Nations'.. • ' ! * 

These post hoc explanations niist be viewed with ^>prqpriate nhtptttlsm. 

t 
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Tzey do, hcvever, st^?port tiie general ccate3tlc?a that the i^isizutss of the 
experiiaeatal nessages cm^or be ruled out as an alternative ^rp^r^y fl^^ vaich 
preserved the basic character of the theory of M^t^^r rotioa. 

A sereath and final explanation'** is that .the coac^ts in t^^ if^ study 
failed to behave lavfolly because there vere too nany of thea, or becaisse 
they, or soae of thea, vere not rseaninj^ul. Tvo factors are involved in 
this erp ianation. First is the notion of information processing capacity • 
People can handle only a linited aD^uat of infoni;ation in a given period 
of rize. If the eavironsent presents infonratioa bejcad this iidt, then 
excess infontiatioa is siicply not processed syst erratically. 5y rough analogy 
yltb experiaeats oa short tern nierp^ry ve jsl^t suppose that in an experirteat 
such as ours the rrrrlmza nusiber of concepts, that vould behave lavfuUy vould 
be about seven (Miller, 1960). The second possible factor is ^jmir^^ fnl r ^ p^ nr 
Perhaps ve cannot^ expect a concept to *behave iavf uUy just because it i» 
included in an KDS instrument;* perhaps we mjst knov, in addition^ whether the 
concept ineans anything to the subjects prior to administration of the 
instrument. Hov riany sui>jeets in our study had ever heard of Guyana or 
Fiji? Can we claia to have ceasured the neaning of these concepts, or must 
we adnlt to having laerely created an apparent r^*n^n^ by including thcia 
along with the rest of the concepts? And can we expect such pseudo-CQgnition«, 
if they exist in the study, to behave lawfully? 

Taese-tVo factors point to the concei)t of "donain," a set of concepts 
that behave together as a unit, or are, in Scott's (1969) ter^s, "fixnctionaliy 
equivalent." Under this explanation the laws of notion do not apply to just 
any set of concepts; the concepts nust cotipose a dotsain. There tsay be an 
.upper litdt to the size of domains. Spaces including core than that auaber 
of concepts would not behave lawfully. If the liait ±m around Mven, then 
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tilis srodv, virh -fifteesi coac^ts, exceeds the iiariLt. Or again, there 
asv be some "critical cass** that a aac^t msst attain iefore it can 
fcncrion as part of a <ion:ain. ' I^ie theory of l^neirr aoticn has assumed thrit 
rasa is irportant cnl^^ as res i s t an c e to tjotlon: the i»re isass. the rore 
resist^ce* Koy ve iru^t ^^xider vh'ether nearly aassless concepts are at 
capable of lawful rotioa, 

Tne data of this study were crainined fros: several standpoints in an 
effort to test th£s alternative hypothesis • Particular attcntixsi vas 
focused on subsets of about seven conc^ts that idght, for one or another 
reason, constitute a dcisain. Predictions of distances involving the seven 
hi^est rsss concepts,, and predictions of the scaliest third of the inter- 
concept distances, vere exCTined and found t© be no better than predictions 
for^the vhole set of distances ♦ Thus the present study offers no direct 
su:rport for -the contention that concepts can belong to a doaatn only if 
they have a certain critical aafis or if they are close to each other in 
cognitive space. 

A third subset of distances, hovever, was found to, confona nore 
closely to the theory than did the dat^ as a, vhole. These were the 
distances arcng the six laanipulated concepts: fifteen distances, or if ' * 
the three directly changed distances are excluded, twelve distances. 
Table 5 displays the partial correlations (controlling pretest distances) 
of rredicted with observed posttest distances for fcfae twelve Indirectly ' 
charged distances .anong the six manipulated concepts. These parttals are, 
on t-e whole, substantially higher in absolute oagnitude than the corresponding 
partiais in Table '4. Few of then are statistically significant, but then 
if nust be considered that they have only nine degrees of freedoa. Ead 
the<?e partiais appeared in T^le 3 they would have been touted as strong 
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support for the theory, this despite soae acsoaaiies rTxmg thep» rost 
notably the (now even stronger) iiegative correla tiros for the first diaensioQ. 
Three factors seen to favor the theory. The first is the magnitude of the 
partlais. The second is that the best restilts are achieved vith the stable 
concepts rotation, which assumes the success of the e3q>erlrent. lac third 
is that the correlations "peak" around the xdddle of the range of cuffiolativc 
dinjensioQS (2 through 6 diniensions) , vhich presusably indode the gr^test 
j>roporticn of reliable infonsation* 

r>::e irust, of course, view post hoc analyses vith soae skep*ticisa. 
Still ve can ask vhether this particular subset of the concepts falls xnder 
the alternative explanation. Do they compose a "domain" in a sense that 
, the vh-ole set of concepts does not? One interpretation is that the six 
isafi^tilated conc^Qs constitute e dosiain just in consequence of being 
rianipulated, vhich eatails both being Bcntioned in connection with each other 
and being infused vith information in the foam of experimental laessages 
tSat night create the needed "critical c^s." This Interpretation is 
interesting, but it should not be taken too serloxisly until the finding 
has been replicated. , . - 

Conclusion _ 
♦ 

As I pointed* out earlier, a test of a particul^ theory is not 

equivalent to a test of the general spacial oodel. If this study has not 

beer: entirely 'decisive regarding the theory of linear ootion, cuch^less ha» 

it beeh decisive concerning the general spacial nodel. If t^ theory of ^ 

* , ^ • * >^ • 

'linear cation is false, sone other cognitive "law of notion," perhaps oore 

•oorspiex,'^ tiay be .found to hold. The working assuaption of the study, the 

utility of general, forcal nodels of inforzaation, of cotlr«e» iaplle^ a still 

wider, field M Inquiry. 
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Table 3. Pearson Correlations* oi S' J vith Sa..*aod § , Srofcen 

Down by Kiatber of Dimensions Incliidecf in Co2i{>acatii>ns,- by 
«i» Kecbod of , Obtaining S* , and by Subsets of Cases. 

• ^1 



Distances 






S'^^ Cos?- 






Included 


DiT^^nsions 


Predictor 


Froa Ho 




Actually 


in the 


Included in 




^able Con- 


'Conc^p^s 


Ob served 








• 




Analysis 


Cosfputarions 




cepts notation Eocetioa " 


i1 


« - •» 






' 836 


.804 


• .8:66 






3 


.858 


.815 


.835 








• oo*» 


.825 


. 8*67 






3 


0*7 0 
.0/0 


.831 


.885' 


• 




A 




.812 


.866 






: 3 


.854 


.822 


.882- 




1-6 -.• • 


• ' A 


* 00-0 


.338 


.841 






B 


.883* 


. 838 


.858 




1-3 


A 


921* 


..917 








3 




.922 


.823 




1-2 


A 


• 


.^03 


■ .757 






■ B 


.953 


.904 


.763' 






' A 




' .9ia^ 


.619 






B 


.964 




.619 






A 


t ' 

.862 


. .929 ^ .914 


P J la ted 




3 


.862- 


.929 


; .914' 


Distances 




A 


.387 


> .,901 


.889 


-Only 




B- 


% - .887 


.901 


. .889 - 


(N=36) 






; .-912 


.881. 




A 


.845 


* 




; B. 


.845 


.912 ^ 


.88f 




1-6 


A 


.878.. 


.922 


'.357 , 




3 . 


.878' 


.922 


.&S7 




1-3 


A 


'.918 


.955 


. ,806 • 






B - 


.ai8 


.955 


.806 .," 














1-2 


A . 


.933 • 


.■945 


.814 






.-3 


.933 


-.945 


.814 




• 1 


A* 


, ' .949 


.968 


.594 






B 


.949 


.'968 


.594 




« 




1 


• 





%1 



la: ie 3- (contimicd) 



Included 
iz zha 


DIjLensioas 
Included in 

V 


Predictor 


rroa Ko 
Stable Con- 


Froa Stable 
Concepts 


Actually • 
Observed 




Cospucatioas- 


i i 




cepts Sotatixm 


Eotatixwi 


S' 

ij 


Ijied 
Distances 


' i-15 
1-12 


A 
3 

A 
3 




.82A 
.862 

.859 
.885 


.759 
.773 

.801 
.810 


.^36 
.867 

.858 
.887 






1-9 


« 

3 




.843 
.870 


.780 
.796 


.864 
.890 






' 1-6 


A 
B 




.891 
.898 


.808 
.807 


.847 
.872 






1-3 


A 
3 




.925 
.928 


.904 
.912 


.831 
.843 






1-2 


A 
3 




.964 
.963 


.880 
.881 


.736 
.746 






. 1 


A 
3 




-973 
.973 


.976 
.975 


.631 - 
.631 


itidirectiy 1-15 
Caaaged 

Distances * - ^ 
6=66) ^^^^ 


A 

B - 

A 
a 

o 


\ 


.826 
.837 

.860 
.861 


.752 
.747 

.795 
.788 


.849 
.851 

.870 
• .869 






1-9 

*> 


A 
B 




' .636 
.844 


.770 
.r68 


.874 
.873 






1-6 


A ■ 
& 




-876 
.877 


. 788 
.78^ 


.855 
.860 








A 
B 




..919 

.9i9 - •/ 


/ .910 


.856 
.856 


• 




1-2 


A " 
3 




.963 1 
.960 


.876 
.876 


.765 

.762 • ^ 






1 


A 




• .972 
.972 . 


.975 
* ..9-^5 


.616 
.616 



*^ All correlations in th^s'table are significant, jK.OOl, one-tailed test. 
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Table 4* First Order Partial Correlations (Coatroliiiig S..) of'S. 

vith Sia^^ and S^^, 3rol:en Dovn by Kmdver of Diceo^ions^ Incioded 

in Co^tpatations, by Ketbod cjf Obtaining S'^ , aod by Subsets 
of Cases. 



^ Distances 'Coz^. S* , Coap. 

Included Dis;e:isions Predictor Froa Ko Froa Stable Actually 

> ,in Che Xnc laded in ^=$22^^ Stable Con- Concepts Observed 



Ar^alvsis 


Coispu cations 




cepts Ho tax io^ dotation 


S' 




Ail 


1-15 


/I 


• 


* .109 


t 

*** .336 








• 3 


.358 


** .230 


.370 






1-12 




*** .317 


*• .212 


. 331 








B 


*** .330 


* .225 


*** .3^G 






1-9 


A 




. z/o 


*** .315 




• 




3 


.*** .311 


** .237 


*** .341 






1-6 


A 


^ . loo 


.03/ 


*** .334 • 


• 




• 


3 


' * .2(XX 


.091 


' *** .356 






i-3 


A 






'** .275 








3 




** .260 


.256 






1-2 


« 


• ux/ 


. U/O 


. * .194 . 








3 \ 


.051 


.120 


'* .180 






1 


• A 


-.120 


*■**-. 346 


-.060 








3 


-.14^ 
— * 


. ***_.3i7 


A 032 




Ail 


1-15 ■ 


A ' 


*** .444- 


* .224 


*** .385 




ftanipu- 




3 • 


*** .455 


* .244- 


*** .425 




. Tateid 


1-12 












Distances 


A . 


*** .414 . 


"*\239 


*** .412 








B 


*** ,A25 


.'* .249 


*** .444 




'* 

• 


1-9 


A 


.388 


* .262 


*** .402 




« • 




B s 


*** .405 ' 


* .-264 


*** :'430 








A 


* .238' 


*.059 . 


*** .420 








B ■ 


* .253 ■ 


.094 


*** .450 






1-3 


. A 


* .207 


■ ** '.357 


*** .373 ' 








B 


.196 


** .325 


** .347 






1-2 


' ' A 


.006 


.072 


* .261 




• 




' B 


.050 


.ri6 


' * .234 






1- 


A 


-.171 


***-.436 


.074 








B 


*-.204 


***-.402 


■ .040 
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« 

* * * 






• 

• 



Cconcicued) 



'Dtstaei:ces 




* 




. . Coup* 








Predictor 


rroa So 


rroa Stable 


Actcaily 


in the 


Xnciuded in 


ij 


Stable Con- 


Concepts' 






Co^ipu ta t ions 




cepts Rotation Eptation 
m 


S' 


Indirectly 




' - A * 






.150 


Clanged 




3 


* .249 


.079 


, .183 


Distances 


1-12 




.171 






<K*66) 


A 


.066 . 


.149- 




3 


.179 


.074 


.173 




1-9 


A. 


.204 


.094 X 


.137 






3 


* .216 


.093 


.155 




1-6 


A 


.112 


-.021 


.165 






3 


.126 


.024 






1-3 


A 


.114 


* .255 


.082 






3 


.105 


* .227 


.052 




1-2 


A 


. -.054 


' .026 


■ ;006 






3 


-.004 


.080 ■ 


-.033 


• 


1 


A 


-.153 


***-.424 


-<035 






3 


■ -.190 . 


- ***-.386 , 


-.066 















* P'^-OS, one- tailed test 
^ P'^.GI, one-called test 

* P<.0Q1, ^e- tailed test 
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Tible 5. Jirst Ordet Partial Correlaxioas (Coacrrolliiig S^^) of 
S*^^ vich So^^ and for Indirectly Changed Distances 
' • • Asong Kanipalated Concepts Oaly^^ * - ^ , 



t» mens ions 



Predictor S' . Con5>uted 



S' Computed 



Actually 



Iiicluded ik 
Cc-r^utacions 


xj 

XJ 


Hrra Ko Stable 
Coacepts RocatioD 


^roa Stable'- 
Concept^ SocacioQ 


Observed 


• 

1-15, . 


A 


.^36 . 


.359 


.359 






.^49 . 


.402 . 


.402 


1-12 


• 

A 




.392 


c .403 






. 39/ 


.i2A. . 


.444 


■ 1-9 


» 


■ .322 


.416 


.352 




B 


.357 


' .436 . 


.414 




A 


.336 


'* .532 ■ 


-.511 




.3 ' 


. 321 


*-.528 


' * .523 


4 

. 1-3 


A 


■ .335 


.466 


.i65 




3 


.362 


^ .437 


-.163 ' 




A 


.333 , 


** .775 , 


-.213 




3 • 


.«7« 

• 


• ^ ** .793 


-.138 


1 • 


A 




-.512 


.004.3- 




B 


*-.553 


-.484 


-.027 



* p<05> one-t^£led test, d*f. «= 9 
** p<»Oi, one-taile<i test, d*f. « 9 



ERLC 



,45 



43 




Concepts : 



(1) China 

(2) ^ Singapore 
-{3) Kexico" 

(4) ij.S.A.' 

(5) jPortngal/ 

(6) Poland 

(7) I^dik • 

(8) Fiji 



(9) ^est Genaany 

(10) Brazil 

(11) Central African XepobHc 
,(12) Greece 

<13) O.S.S.K; 

(14) Congo. ' •' 

(15) Gffjrana ' 



Figure 1. 



Plpt of First" Three Dimension*, Pretest watJ^ostt^t, 
St^le Concepts Rotation; 
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